The water-soluble, B-complex vitamin content of grape must and wines has been investigated from the point of view of human nutrition and diet. Little attention, however, has been given to the vitamins of musts and wines as growth factors for the development of yeast and bacteria in the production and spoilage of wines. The literature prior to 1951 has been reviewed by Amerine and Joslyn (1951) . Thiamine, riboflavin, pantothenic acid and pyridoxin were found in fresh must and in wines in small but measurable quantities. In the course of studies on the microbiology of wines, it was considered advisable to explore further the vitamin content of musts and the wines obtained from them. This report combines the results of three investigations on this subject. The riboflavin and pantothenic acid contents of several musts were determined by microbiological assay before and after fermentation, and after long aging of the wine. Riboflavin usually, and pantothenic acid sometimes, appeared to be present in larger quantities in the young wine after fermentation, than in the musts from which they were obtained. In an attempt to understand the basis of these changes, serial samples from fermenting musts were assayed to follow the course of events during fermentation. In addition to riboflavin and pantothenic acid, pyridoxin, biotin, p-aminobenzoic acid a,nd iniositol were assayed. Samples were also assayed for choline and Vitamin B12 activity. Some activity for the assay organisms of these methods was found in the samples. The exact nature of the active substances present in the samples remains in doubt in view of reports, cited by Robinson (1951) in an exhaustive review of the B-complex vitamins, which indicated that fruits were devoid of choline and that no Vitamin B12 had previously been found in plant materials. Data on the amounts of nicotinic acid in the must of several grape varieties and preliminary data for aged wines are reported. Castor (1953) for amino acid assays.
RESULTS AND DIscussION Table 2 shows the changes in amount of riboflavin and pantothenic acid after fermentation of several varieties of grapes, and after five years' aging of a number of the resulting wines. The riboflavin content of the young wine was consistently larger than that of the must from which it was obtained, as earlier reported by Morgan et al. (1939) . The trend of pantothenic acid content generally indicated a loss during fermentation. However, in one fermentation (Sylvaner) the decrease was negligible, and in two others (crushed grapes of the Char- bono and Pfeffer's Cabernet varieties) the pantothenic acid content of the young wine was markedly higher than that of the corresponding fresh must.
After 5 years' aging of several of the wines, considerable loss of riboflavin and pantothenic acid activity occurred. The individual wines were aged from 1 to 2 years in oak barrels before bottling. Definite evidence of bacterial activity during aging was found in only one lot (Cabernet Sauvignon) and the loss of pantothenic acid in this lot was not remarkable. All of the aged lots were considered to be sound wines, not spoiled by microbial activity. The loss of riboflavin from four wines available for assay after five years ranged from 32 to 66 per cent, with a mean of 36 per cent. The loss of pantothenic acid from five wines was 12 to 61 per cent, with a mean of 45 per cent ( The lot of Palomino must noted in table 2 as fermented with the "Jerez" strain of yeast, was sampled periodically in order to follow changes in riboflavin and pantothenic acid content during fermentation. The results obtained were generally similar to those presented in figure 1, and are therefore not presented in detail here. Figure 1 shows the vitamin content of a French Colombard liquid must, and the changes which occurred duringfermentation with the "Montrachet"strain of yeast. The curve of increase and change in yeast cell count was typical of that found in a large number of fermentations carried out in liquid grape musts (for an example, see Castor and Guymon, 1952 Castor (1953) , Castor and Guymon (1952) , and will be referred to later when changes in the biotin content of the fermenting must are considered.
Riboflavin
The increase in riboflavin content of the fermenting must confirmed and tended to explain the observation made earlier in this work, and first reported by Morgan et al. (1939) , that the amount of riboflavin was larger in the young wine than in the must. A generally similar curve for increase in riboflavin content was previously found during fermentation of Palomino grape must by the "Jerez" strain of yeast, except that in the Palomino must-"Jerez" yeast fermentation the increase of riboflavin continued until the fermentation was completed.
In both experiments, the increase in riboflavin occurred during the latter part of rapid yeast multiplication. The probable chief cause of the increase was the production and liberation of riboflavin by the multiplying yeast cells. Riboflavin is not considered an essential growth factor for the multiplication of yeasts of the genus Saccharomyces, as noted by Robinson (1951) . It was also pointed out that many yeasts are capable of synthesizing riboflavin which may then appear in the medium in notable amounts. However, somewhat more riboflavin was produced during fermentation of crushed whole grapes than of liquid must. Calculations on the basis of the data of table 2 show that on the average, wines produced from liquid musts contained 157 per cent more riboflavin than the must, while wines produced from crushed grapes contained 182 per cent more riboflavin than the must. The data suggest the possibility of extraction of riboflavin from the grape skins, in addition to the amounts synthesized by yeast.
Pantothenic Acid A decrease in the content of pantothenic acid occurred during fermentation of the must. The decrease, shown in figure 1 as occurring during the period of rapid yeast cell multiplication, was found earlier in this work, and was previously reported generally to occur by Morgan et al. (1939) . A fermentation of Palomino must with the "Jerez" yeast strain gave nearly identical results. Utilization of the pantothenic acid by the yeast was indicated by the sharp decrease during the period of rapid yeast cell multiplication. That pantothenic acid is essential for the multiplication of a number of yeasts, including fermentative wine types, has been shown by several workers, whose reports were reviewed by Robinson (1951) . In both the Palomino must-"Jerez" yeast and the French Colombard must-"Montrachet" yeast fermentations, about 50 per cent of the pantothenic acid content of the must was removed. From this point of view it is difficult to account for certain of the results shown in table 2, which indicated that the pantothenic acid content of the young wines was larger than that of the musts. The larger pantothenic acid content of the wines in such cases suggests the possibility of wide variations in the whole grape berry content of the vitamin, and of extraction from the grape skins during fermentation. Smith and Olmo (1944) found a four-fold variation in the pantothenic acid content in the juice of different varieties and species of grapes.
Vitamin B6 Complex (Pyridoxine, Pyridoxal, Pyridoxamine) A small decrease in the must content of Vitamin B6 during fermentation was found. The assay activity in the samples of fermenting must apparently represented pyridoxine, pyridoxal and pyridoxamine. Although Stokes et al. (1943) stated that the assay organism, Neurospora sitophila 299a, was specific for pyridoxine, and did not respond to "pseudopyridoxine," Snell and Rannefeld (1945) found that pyridoxine, pyridoxamine and pyridoxal had about equal activity for the mold. The relative amount of Vitamin B6 required by the yeast employed in the fermentation was apparently small compared to the amount of the Vitamin B6 complex present in the must. According to work reviewed by Robinson (1951) , however, the Vitamin B6 activity lost from the must might be regarded as pyridoxine, as strains of Saccharomyces cerevisiae similar to that used here have been found to be responsive to pyridoxine but not to pyridoxamine or pyridoxal. The loss of Vitamin B6 activity from the fermenting must occurred during the phase of rapid yeast cell multiplication. The Vitamin B6 content found in the must was consistent with reports of the amounts in citrus fruits, summarized by Robinson (1951) .
Biotin A large decrease in the must content of biotin during fermentation was found. The decrease was most rapid during the latent and lag phases of yeast cell multiplication, when 95 per cent of the biotin disappeared. After yeast cell multiplication ceased, a slow return of biotin to the fermenting must began, presumably by autolysis of the yeast cells. The necessity of biotin for the multiplication of many types of yeast was demonstrated by Burkholder et al. (1944) . The rapid loss of biotin in the early stages of yeast multiplication appeared to represent satisfaction of a nutrient requirement of the yeast.
Little or no information on the biotin content of fruits was found although, according to Robinson (1951) , it has been found in grain and other plant materials.
Para-aminobenzoic Acid
The apparent p-aminobenzoic acid content of fermenting must increased during the period of rapid multiplication of yeast cells. A few hours after yeast cell multiplication ceased, the p-aminobenzoic acid content of the fermenting must began to decrease. Well before the end of the alcoholic fermentation it had fallen nearly to the level found in the fresh must. Reports summarized by Robinson (1951) show that yeasts are a rich source of p-aminobenzoic acid. It has not been found to be an essential factor for the multiplication of yeast, except for infrequent instances such as reported by Rainbow (1948) . According to Tatum et at. (1946) it is an essential for the growth of Neurospora crassa, used in this work as the assay organism. Robinson (1951) cited evidence that p-aminobenzoic acid has been found in small amounts in vegetables and plant materials, but evidence of its occurrence in fruits was not mentioned.
Inositol
The large amount of inositol found in fresh grape must was expected. Robinson's review (1951) indicated that plant tissues, cereals and fruits contained large amounts of inositol in the form of phosphoric esters. The inositol content found in the must remained relatively unchanged during the fermentation, although inositol was the first of the "bios complex" growth factors for yeast to be isolated and identified, by Eastcott (1928) . Burkholder et al. (1944) found that the type of yeast employed in this work required inositol, but in very small amounts, of the order of 1 microgram per 5 ml of medium, for heavy growth in a rather complete synthetic medium. It would therefore appear that the multiplication of the yeast cells used in the fermentation reported here required relatively little inositol in comparison with the amount present in the must.
Choline, or Monomethylaminoethanol Activity The apparent choline activity of fresh grape must showed a large decrease during the later stages of yeast cell multiplication. The final loss represented more than 70 per cent of the activity found in the must. If the activity found actually represented choline, the substance was largely taken up by the multiplying yeast cells. Although Seifert (1938) stated that yeast has been found to contain lecithin, of which choline is a component, and that choline as such was liberated during yeast autolysis, Robinson's review (1951) indicated that choline is not an essential for yeast multiplication, and that fruits, including grape products such as raisins, were devoid of choline. Horowitz (1946) has shown that monomethylaminoethanol can replace choline for growth of the Neurospora mutant (strain 34486), used as an assay organism in the work reported here. Thus the possibility must be admitted that the choline activity found in musts and wines consists entirely or in part of the effect of monomethylaminoethanol. Evidence has been found in the literature that yeasts are able to attack amines of this type. Mitchell and Williams (1940) Perlman and Morgan (1945) , and in the work reported here, appear to be sufficient to serve as accessory growth factors for certain lactic acid bacteria and yeasts. Judged by comparison with the vitamin content of semi-synthetic basal media used for microbiological assays which employ lactic acid bacteria (it is customary to add vitamin growth factors to such media in excess of the experimentally established requirements of the organism) the vitamin content of musts and wines is adequate to support considerable microbial activity. Table 3 shows the amounts of such growth factors found in musts and wines, and used in typical microbiological assay basal media and in synthetic media for studies of the growth factor requirements of yeasts. Skeggs and Wright (1944) 2. B. complex assay, Snell and Rannefeld (1945) 3. Burkholder et al (1944) 4. Morgan et al (1939) ; Perlman and Morgan (1945) SUMMARY AND CONCLUSIONS Thc changes in the vitamin content of fermenting grape musts were followed by microbiological assay. Riboflavin consistently increased in amount, when different grape musts and yeast strains were employed. The pantothenic acid content usually decreased, but in a few cases, it was larger in the young wines than in the must. After five years' aging, without noticeable bacterial intervention an average of 36 per cent of the riboflavin contqnt and 45 per cent of the pantothenic acid content of the young wines was lost. Vitamin BE was slightly decreased and biotin was largely lost during the fermentation. Para-aminobenzoic acid content first increased, then returned to the level present in the must. Inositol occurred in the must in large amounts, and the probable yeast requirement for this substance was too small to have an appreciable effect on the wine content. Appreciable apparent choline activity was found in the must, and was decreased during fermentation. Monomethylaminoethanol may account for all or part of the apparent choline activity. A small amount of activity for the Vitamin B12 assay organism, Lactobacillus teichmannii appeared during fermentation. Purines and a nucleoside, possibly synthesized by the yeast, may account for the B12 activity. All of the large changes observed in the vitamin activity of fermenting must occurred during the phase of rapid yeast multiplication. Nicotinic acid was found in widely varying amounts in must, and in small amounts in wines attacked by bacteria.
